Guido Barbujani
All modern humans come from Africa, from where they started spreading across the globe about 100,000 years ago, reaching Europe by about 40,000 years ago. But to what extent modern Europeans are the descendants of these early hunter-gatherers, or of farmers that immigrated from the Near East at a later time is not entirely clear. A possible answer could come from comparisons of the DNA of present-day Europeans with that of prehistoric occupants. However, when a person lived tens of thousands of years ago, isolating their DNA becomes challenging, and indeed for many years our ancestors' genetic buildup could only be inferred (very approximately) from the DNA of contemporary people. A big leap forward came with reliable methods to characterize ancient DNA from fossil remains. Now, in this issue of Current Biology, the first genetic analysis of two individuals from the Mesolithic [1] may contribute significantly to a better understanding of the genealogical relationships between current and prehistoric inhabitants of Europe.
Farming Expansions
Palaeolithic people could not produce food and survived on hunting and gathering. A major technological shift occurred when food-production technologies, namely farming and animal breeding, were developed, marking the beginning of the Neolithic period. The European archaeological record shows Neolithic artifacts spreading from Anatolia about 10,000 years ago. When in 1978, Menozzi et al. [2] found a way to plot the frequencies of many human alleles onto a map of Europe -much like mountains and plains are represented by different shades of brown and green -a clear pattern emerged: an allele-frequency gradient from the Southeast to the Northwest. These allele distributions were strikingly similar to archaeological maps documenting the gradual transition from hunting-gathering subsistence to agriculture, which began some 10,000 years ago in the Southeast and reached Western Europe around 5,000 years later. The simplest interpretation of this similarity was that farming had spread in Europe by a demographic shift, i.e. by famers migrating westwards and northwards, and displacing or assimilating resident hunter-gatherers, rather than by a spread of only the cultural practice of farming, which would have left no genetic traces. Similar processes are likely to have accompanied the diffusion of farming in other continents, such as Africa and Southeast Asia, and left similar genetic traces.
The proposal that this spread of agriculture through migration of early agriculturalists -termed 'demic diffusion' -may account for several aspects of human diversity in Europe [3] has catalyzed interdisciplinary research for decades. Anthropologists have tested hypotheses relating modern genetic gradients with archaeological evidence of farming expansions [4] . And, because several putative areas of farming expansion correspond to areas where related languages are spoken, Iinguists (some of them reluctantly) began to consider the possibility that linguistic change might be the consequence of demographic phenomena [5] .
Neolithic vs. Paleolithic Ancestors
Simple interpretations are often, but not always, right. Computer simulations demonstrated that the observed strong geographic pattern in allele frequencies across all of Europe could not have been due to random phenomena [6] . However, these studies also pointed to alternative explanations. After the Neolithic period, many migrations are documented, none of them, however, on such a broad scale. By contrast, a westward movement of small Paleolithic hunter-gatherer bands going through a series of founder effects could potentially have left a continental mark on genome diversity and give rise to the observed gradients [6] . Therefore, the patterns of genetic diversity in Europe appeared compatible both with Paleolithic and Neolithic movements of people, i.e. before or during the spread of farming.
The former view was apparently supported by the first large-scale DNA analyses of Europe, which were analyses of mitochondrial (mt) DNA. Little or no geographical structure was found in those studies. Richards et al. [7] then defined clusters of mitochondrial haplotypes sharing basal mutations in the gene tree. They estimated the clusters' ages (values ranged from 53,600-58,900 years for cluster U, to 6100-12,800 for cluster T1, a sub-cluster of T), most of which indicated common molecular ancestors in Paleolithic times. Assuming that the age of each mutation corresponds to the moment at which each cluster expanded in Europe, Richards et al. [7] concluded that most modern mitochondrial lineages entered Europe during the Paleolithic, whereas only 25% or less of them were carried by Neolithic farmers [7] . I shall refer to this above as the 'Paleolithic model' of European origins, and to the demic diffusion hypothesis as the 'Neolithic model' (Figure 1) .
In its classical formulation, the Paleolithic model has some problems: equating the age of a mutation with that of a migration or expansion process does not seem to be theoretically justified [8] . Also, it is well established that gene trees are not species trees [9] , and even less so population trees. Conversely, under the Paleolithic model, Neolithic people would have carried only mtDNA haplotypes that originated in Neolithic times, i.e. T1, U3, part of J, and a few sub-clusters of H and W [7] . While these predictions are testable in principle, there were simply no genetic data to test them.
In the following years, many analyses of modern DNA were published [10] [11] [12] [13] , supporting either model but not really settling the issue.
Looking into the DNAs of prehistoric Europeans is of course the best way to know whether the assumptions of the Paleolithic model are correct. However, until recently this task was technically very challenging, but lately ancient DNA data have become relatively abundant. At present, mitochondrial DNA sequences are available for more than 120 European early farmers and hunters-gatherers. In contrast with the assumptions of the Paleolithic model, the Neolithic farmers have a broad collection of haplotype clusters, including H, K, T, at frequencies resembling those observed in modern populations. By contrast, the mtDNAs of 83% of the Paleolithic individuals studied so far belong to a cluster (U) that is rarely found among extant Europeans, while none of them falls into what is now the most common European cluster (H) [14] .
Mesolithic Mitochondrial DNA The DNA of two 7000-year old individuals from a Mesolithic site in Spain reported now by Sanchez-Quinto and colleagues [1] fills an important gap in the prehistoric genetic record. Indeed, archaeological data suggest that during the last ice age the Paleolithic population of Europe withdrew to the Southern part of the continent. After the ice began to melt, small groups of people, the Mesolithic people, expanded North. Therefore, in the latest versions of the Paleolithic model, the main ancestors of current Europeans are not all those who lived in Europe in Paleolithic times, but rather the Mesolithic people [11] , about whom little is known. Sanchez-Quinto and collaborators [1] now show that the two individuals from the Spanish site of La Brañ a carried a mitochondrial variant of the U cluster, common among the few other people of the same period studied so far [15, 16] . Mesolithic mtDNAs appeared remarkably uniform over large geographic distances [1] , and their probability to be ancestral to those of current European was shown to be extremely low. The analysis of some tens of thousands of nuclear SNPs in the same individuals confirmed a very weak relationship with modern Europeans [1] . In short, recent genetic analyses (see also [14] ) support the conclusions of craniometric studies [17] showing that modern Europeans have much in common with Neolithic farmers, and little in common with Mesolithic Europeans.
Both the Paleolithic and the Neolithic models are necessarily schematic outlines of processes that were without a doubt more complicated. Reality need not be so extreme, and indeed it is likely that farming might have spread mainly through cultural transmission in certain parts of Europe, and mainly through the movement of people somewhere else [18] . Still, a genetic discontinuity is evident at the boundary between the Mesolithic and Neolithic, one which is not observed by comparing Neolithic with modern people. This means that modern Europeans not only have closer genealogical relationships with Neolithic than with Paleolithic people (which could simply be a consequence of their distance in time), but also that a substantial demographic replacement accompanied the Neolithic shift from hunting-gathering to agriculture.
It is customary to conclude articles such as this by stating that more data are needed. Sometimes, this sentence reveals some degree of intellectual laziness, but in this case there is no doubt that ancient DNA data are still scarce. Projects are in progress to fill some of the temporal and geographical gaps, which will not only require time and resources, but also luck. Indeed, for some other crucial areas and periods of human evolutionary history -think about 60,000 years ago in Palestine, when Neandertals might have first encountered anatomically modern humans -we have simply no specimens yielding amplifiable DNA. New archeological findings thus will be crucial if genetics is to contribute to a comprehensive picture of the European population history.
Bayesian methods to formally test competing genetic hypotheses are now well developed [19] , and are beginning to be used for comparing ancient and modern DNA diversity [20] . These approaches are much more powerful when applied to multilocus data, and hence for clearer results we shall have to wait until nuclear polymorphisms will be typed in a sufficient number of ancient populations. As for now, the available data indicate that Neolithic people had many mtDNA sequences derived from Paleolithic ancestors, and hence the ages of mutations cannot be used to even approximately infer the timing of migration processes [7] . If the Paleolithic model is to survive the impact of ancient DNA data, it will have to be reformulated on more solid theoretical grounds. 
Michael Brecht
One summer holiday in the early seventies, I lost my mind to a slot machine. Like a little robot I dropped penny by penny into a so-called penny fall ( Figure 1A ), being absolutely certain with the next penny a huge avalanche of copper coins would fill my pockets and finance our family holiday. It never happened. My parents cut the penny supply line as I failed to grasp that the machine was adjusted such that it would spit out fewer pennies than I inserted and that the probability to fall for any one penny in the machine was very low. In this issue of Current Biology, Kwan and Dan [1] report how they played a similar low-return game in mouse visual cortex [1] . They dropped spikes into single neurons and looked out for spike firing returned by the cortical network. It happened ( Figure 1B) . The spike return in response to spike insertion is of considerable interest, because of its implications for cortical processing [2] . Critical to Kwan and Dan's [1] experimental success was their ability to sample large numbers of cells by imaging and the fact that they imaged mouse lines in which specific cell populations express fluorescent proteins. In this dispatch I shall briefly consider: firstly, why the prior of observing postsynaptic spiking in response to firing a single cortical neuron is low; secondly, exceptions to this rule; thirdly, the evidence that single neurons can powerfully impact on brain activity anyway; and lastly, what such results may tell us about cortical network organization.
As a Rule Cortical Synapses Are Weak
The study of synaptic transmission in vertebrates was pioneered in the muscle nerve preparation, where a single motor neuron action potential might evoke a 70 mV depolarization and will result in an action potential in the postsynaptic muscle [3] . Synaptic connections between cortical neurons turned out to be quite different, however. Even though they often involve multiple synaptic terminals, unitary connections are on average much weaker, with an average postsynaptic depolarization of around 1 mV [4] . This is much less than the 10-40 mV required for bringing the postsynaptic neuron to firing threshold. Indeed, in dual intracellular recordings from synaptically connected pyramidal cells in brain slices -the classic preparation for studying cortical synaptic transmission -monosynaptically evoked postsynaptic firing is exceedingly rare and signs of polysynaptic activation are typically absent.
Exceptions to the Rule
The weak average strength of cortical synapses makes perfect sense in light of the thousands of synapses made by cortical neurons [5] . Given this large number of postsynaptic targets, it is critical to consider not only the (weak) average strength of cortical synapses but also the distribution of synaptic strength. It turns out that
